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Met hylation of some Azabenzenes 
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Chemical Physics Laboratory, Twente University of Technology, Enschede, The Netherlands 
The 'H and 13C n.m.r. spectra of N-methylated pyridine, pyridazhe, pyrimidhe and pyrazhe and 
Nfldimethylated pyrimidine and pyrazine have been recorded and analysed. The change in the "C chemical 
shifts Mder the influence of N-methylation (As) in the diazabenzenes could be predicted by the AS values of 
pyridine. A comparison of the A6 values of N-methylation with those of N-protonation showed that both 
reactions have a similar effect. 
ETRODUCTION 
Several n.m.r. investigations on nitrogen protonation 
in aza-aromatics have been re orted previous1y.ld It 
appeared that the change in 'C chemical shift (A6) 
under the influence of nitrogen protonation in diaza 
compounds can be described in terms of protonation 
parameters obtained from the A6 values in one or 
more mono-aza 
In this work we investigate whether this procedure 
is also applicable for nitrogen methylation. Moreover 
we compare the influence of N-protonation on the I3C 
chemical shifts with the influence of N-methylation. 
There is an important difference between N- 
protonated and N-methylated aza compounds; a pro- 
ton is in a rapid exchange between the nitrogen atoms 
while a methyl group is fixed on one of the nitrogen 
atoms. As a consequence of this, monoprotonation of 
a diaza compound does not affect the symmetry of the 
molecule in the n.m.r. experiment, whereas 
monomethylation of a symmetric diaza compound re- 
sults in a lowering of the symmetry (cf. Ref. 7). 
For the n.m.r. investigation on N-methylated aza- 
aromatics we have chosen the following azabenzenes: 
pyridine (l), pyridazine (2), pyrimidine (3) and 
pyrazine (4). The N-methylated compounds are N- 
me thylpyridine (5) , N-me thylpyridazine (6) , N- 
methylpyrimidine (3, N-methylpyrazine (8), N,N- 
dime thylpyrimidine (9) and N,N-dimethylpyrazine 
(lo), all counter ions being FS03-. 
-. 
RESULTS AND DISCUSSION 
Although the 13C chemical shifts of the four azaben- 
zenes and their protonated species have been reported 
in the literature,' we have remeasured them under our 
experimental conditions (1.0 M solutions; see Table 1) 
in order to obtain a better comparison between proto- 
nated and methylated species. 
For the determination of the change in 13C chemical 
* Author to whom correspondence should be addressed. 
shifts under the influence of nitrogen alkylation the 
assignment of the 13C resonance lines of the neutral 
and alkylated species was necessary. The former is 
described in the l i terat~re,"~ whereas for protonation 
the latter has been established b ro ressive lowering 
of the pH value of the solution!,'Si&e the character 
of N-methylation is different from that of N- 
protonation it is not possible to record such titration 
curves for N-methylation. 
The chemical shifts of the aromatic protons in the 
N-methylated compounds are listed in Table 2. The 
nine proton signals which could be assigned by their 
relative intensity and multiplicity are denoted with an 
asterisk. By recording selective proton decoupled I3C 
n.m.r. spectra, we were able to assign the resonance 
signals of the nine carbon atoms which are directly 
bonded to those protons (see Table 3: carbon atoms 
denoted with an asterisk). 
'In this way we have obtained the change in chemical 
shift (A6)  under the influence of nitrogen methylation 
€or the carbon atoms in pyridine. These values may be 
used to predict the A8 values in the diazabenzenes as 
described in the literature for protonation.' 
The correlation between AS (expected) and A 8  (ob- 
served) for the six carbon atoms in the diazabenzenes 
which have already been assigned by selective proton 
decoupling is not good, the correlation coefficient c 
being 0.758. However, the remaining I3C lines could 
be assigned using the A 6  values of pyridine, since the 
distance between the 13C lines of almost all atoms is 
much larger than the difference between AS (ex- 
pected) and A 6  (observed) (see Table 3). Having as- 
signed the 13C lines-except C-4 and C-5 in N- 
methylpyridazine-we were also able to assign the 
remaining proton signals, recording selective proton 
decoupled I3C n.m.r. spectra (see Table 2). 
From Table 3 it is seen that there is a reasonable 
agreement between the observed AS values in the 
diazabenzenes and those expected based on the A6 
values in pyridine. For the monomethylated species 
the correlation coefficient c is 0.929. However, inclu- 
sion of the dimethylated compounds reduces c to 
0.853. Similar effects have been reported by Pugmire 
and Grant' for the mono- and di-protonation of the 
diazabenzenes which is also reflected by our remeas- 
ured values (see Table 1); the monoprotonated 
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Table 1. pH dependence of the "C chemical shifts in the 
azabenzenes 
C= 81 
1-2/6 149.52 
1-3/5 125.57 
1-4 138.72 
2-316 153.04 
2-415 130.28 
3-2 158.36 
3-5 123.87 
3-416 158.36 
4-2/31516 145.88 
142.52 
128.72 
148.42 
152.38 
137.92 
152.90 
159.26 
125.51 
144.01 
SSd 
- 
- 
- 
- 
- 
152.03 
160.25 
129.85 
145.57 
AS,' 
-7.00 
+3.15 
+9.70 
+7.64 
-5.46 
+0.90 
+1.64 
-1.87 
-0.66 
as: 
- 
- 
- 
- 
- 
-0.87 
+0.99 
+4.34 
+1.56 
AS' (exp) 
- 
- 
- 
-1.93 
+6.43 
+1.35 
+3.15 
-1.93 
-7.00 
a Compound and carbon atom number. 
Chemical shift in neutral molecule R. 
Chemical shift of RH+. 
Chemical shift of RH$+. 
eChange in chemical shift under the influence of the first 
N-protonation. 
'Change in chemical shift under the influence of the second 
N-protonation. 
Expected A6 values based on the A 8  values in pyridine. 
diazabenzenes show a good correlation between the 
observed and expected AS values (c = 0.967), while 
for the mono- and di-protonated species the correla- 
tion is worse (c = 0.867). 
It is seen that the agreement between observed and 
expected AS values for the monomethylated diazaben- 
zenes is slightly worse than for the monoprotonated 
diazabenzenes. This is due mainly to the uncertain 
assignments of C-4 and C-5 in N-methylpyridazine. 
Comparing the AS values of the protonated com- 
pounds directly with those of the methylated species, it 
must be realized that, in monoprotonated diazaben- 
zenes, rapid tautomeric proton exchange between the 
two equivalent nitrogen atoms averages the AS values 
expected for each extreme form. As such exchange 
does not occur in the monomethylated compounds 
their corresponding AS values must be averaged in 
order to make a correct comparison. The AS values 
for protonation and methylation are listed in Table 4 
(see also Fig. 1). There is an excellent correlation 
between the A& values for protonation and those for 
methylation: c = 0.990. Inclusion of the ASz values 
Table 2. Chemical shifts of the aromatic pro- 
tons in the N-methylated azaben- 
zenes 
C* 
5-216 
5-315 
5-4 
6-3 
6-4 
6-5 
6-6 
7-2 
7-4 
S 
8.87* 
8.12* 
8.61* 
9.52 
-8.60b 
-8.60b 
9.73 
9.68* 
9.45 
C8 
7-5 
7-6 
8-216 
8-315 
9-2 
9-416 
9-5 
10-2131516 
S 
8.26* 
9.28 
9.09 
9.51 
10.68* 
9.96* 
9.00* 
9.46* 
a Compound and hydrogen atom number. 
* See text. 
Second-order spectrum. 
Table 3. Influence of N-methylation on the 13C chemical 
shifts in the azabenzenes 
ASl- AS,'(exp) AS,' AS,"(exp) bC bd c= s,b 
1-2/6 149.52 
1-315 125.57 
1-4 138.72 
2-3 153.04 
2-4 130.28 
2-5 130.28 
2-6 153.04 
3-2 158.36 
3-4 158.36 
3-5 123.87 
3-6 158.36 
4-216 145.88 
4-315 145.88 
146.47* 
129.21* 
146.47* 
155.66 
137.43' 
151.14 
155.37* 
165.54 
125.15* 
164.39 
139.86 
150.86 
137.43' 
- 
- 
- 
- 
- 
- 
- 
158.91 * 
161.26* 
128.35* 
161.26* 
147.76* 
147.76* 
-3.05 
+3.64 
+7.75 
+2.64 
+7.15 
+7.15 
- 1.90 
-2.99 
+7.18 
+ 1.28 
-3.97 
-6.02 
+4.98 
- 
- 
- 
+3.64 
+7.75 
+3.64 
-3.05 
-3.05 
+7.75 
+3.64 
-3.05 
-3.05 
+3.64 
- 
- 
- 
- 
- 
- 
- 
+3.54 
-4.28 
+3.20 
+6.87 
+7.90 
-3.10 
- 
- 
- 
- 
- 
- 
- 
-3.05 
-3.05 
+3.64 
+7.75 
+3.64 
-3.05 
a Compound and carbon atom number. 
bChemical shift in neutral molecule R. 
Chemical shift of R(CH,)';+ 
Chemical shift of R(CHJ2 . 
"Change in chemical shift under the influence of the first 
N-methylation. 
'Expected 86 ,  values based on A6 values in pyridine. 
QChange in chemical shift under the influence of the second 
N-methylation. 
Expected AS2 values based on A8 values in pyridine. 
'Average value of two lines which could not be assigned 
(137.75 and 137.11 ppm). 
* See text. 
reduces this correlation (c = 0.950). This is due mainly 
to the AS2 value of C-2 in pyrimidine. 
We conclude that N-protonation and N -  
methylation have a simitar effect on the 13C chemical 
shifts, although for protonation the absolute value of 
the negative AS values is larger than for methylation. 
Figure 1. Comparison of A6 values for N-protonation with 
those for N-methylation. 
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Table 4. Comparison of A8  values of N-protonation with 
those of N-methylation 
C* A81 (PIb 
1-216 -7.00 
1-315 +3.15 
14 +9.70 
2415 +7.64 
3-2 -5.64 
3-416 +0.90 
3-5 +I .64 
4-2131516 -1.87 
2-316 -0.66 
A& (M)' 
-3.05 
+3.64 
+7.75 
+0.37 
+7.15 
+1.60 
+I .28 
-2.99 
-0.52 
-0.87 +3.54 
+0.99 +I .30 
+4.34 +3.20 
+1.56 +2.40 
*Compound and carbon atom number. 
A& values for N-protonation. 
' Atil values for N-methylation. 
formation were performed with a Varian 62O/L data 
machine (16 K). With a spectral width of 5120 Hz and 
4096 memory points the resolution is 0.05 ppm. Using 
DzO as a solvent (or CF3COOD for compounds 8, 9 
and 10 which are not stable in aqueous solution) and 
1.0 M concentrations, 500 transients were required to 
obtain an acceptable signal-to-noise ratio. 
Sodium 3-trimethylsilylpropane sulphonate was 
used as an internal standard. 
Pyridine and the diazabenzenes were obtained com- 
mercially and used without further purification, 
Monoprotonation was performed by progressive low- 
ering of the pH value by adding sulphuric acid (98%). 
Diprotonation was realized in 98% sulphuric acid. 
Using methyl fluorosulphate ('magic methyl') as the 
methylating agent' the N-methylated azabenzenes 
were synthesized in a closed system, avoiding oxygen 
and water as much as possible. 
EXPERIMENTAL 
All spectra were recorded on a Varian XL-100 spec- 
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15.4 MHz .for 'H-lock). 
For the l3C n.m.r. experiments the data acquisition 
Of the free induction decays (Pulse width 22PS; acqUiS- 
ition time 0.8 s; pulse delay 0.5 s) and Fourier trans- 
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